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The University of North Carolina Environmental Finance Center produces a variety of 
tools to support water and wastewater utilities. Water and wastewater rates dashboards 
have been produced for 16 states and are the most used tools on the Environmental 
Finance Center’s website. Dashboards are periodically updated. 
This research is a comprehensive approach to user evaluation. The research is split into 
two phases. Phase 1 is a quantitative analysis using website analytics and past survey 
data, focused on North Carolina utilities. Data visualizations describe North Carolina 
dashboard use and identifies opportunities to improve future website analytics. Phase 2 
will focus on quantitative analysis and will be addressed in future publications. Phase 1 
results reinforce literature review findings, indicating that utilities requesting rate 
increases sufficient to cover operating expenses and capital expenses were more likely to 
receive any rate increase than utilities who did not request a rates increase or requested an 
increase that would only cover operating expenses. Analytics analysis was hampered by 
how analytics were recorded in two different website domains. As a result, this research 
recommends making tracking consistent between the domains and recommends filtering 
dual page views out of tracking dashboards on the domain https://efc.sog.unc.edu. 
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Background and purpose of the work 
 
Water and wastewater utilities are critical service providers, protecting public 
health within communities. Reliable population and connection estimates are available 
for public water systems. 85% of the North Carolina population is served by community 
water systems (North Carolina Public Water Supply Section, 2019). Most larger 
community water or sewer systems that bill customers are owned by units of local 
government or by public utilities regulated by the North Carolina Utilities Commission. 
Local government finances in North Carolina are overseen by the Local Government 
Commission. Some local governments also have stormwater utilities, responsible for 
managing stormwater controls. 
Such utilities must budget and must justify any rate increases to elected or 
appointed officials. Utility budgets and rate structures should cover expenses and may 
promote other local priorities such as water conservation or rate affordability. Elected 
officials are often reluctant to raise rates, and public staff of the North Carolina Utilities 
Commission advocate for keeping rates as low as possible. When rate increases are 
recommended, utilities need require strong support to convince decision makers. 
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The UNC Environmental Finance Center (EFC) builds and maintains rates 
dashboards for several states. These dashboards have been developed for 16 states and 
incorporate utility rate structures and key financial metrics. Water and wastewater 
dashboards let utilities compare rates to one another within a variety of categories such as 
“Similar number of accounts” or “Using same rate structure”. Stormwater dashboards 
include similar categories such as “Similar population” and “Similar fee structure type” 
(UNC Environmental Finance Center, 2019). North Carolina rate dashboards are shown 
in Figure 1. 
 
Figure 1. North Carolina Rates Dashboards 
EFC updates dashboards annually and intends to add new water and sewer 
dashboard metrics in 2020. Potential additions include the relationship of affordability to 
water loss and water system compliance status. Dashboards have grown over the years 
and include four dials and a map on one tab and seven dials on another tab. The 
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dashboard represents expert design. A study of dashboard users helps EFC to better 
understand their needs and to understand high level design needs.. The topic is a broader 
version of research conducted by Elizabeth Roknich for a 2019 masters project (Roknich, 
2019). 
The overarching research question for this master’s project is: does data display 
on water and wastewater rates dashboards support utility rates cases? 
Overview of research methods 
This research will build on existing work. Previous projects have incorporated a 
usability study on a proposed stormwater dashboard. Other projects included surveys of 
water and wastewater officials on their planning processes and about how they use water 
and wastewater dashboards. EFC has Google Analytics data on the existing dashboard 
website. 
This master’s project covers the first phase of EFC dashboard research. This 
phase uses existing quantitative data and relates analytics to survey results. By relating 
quantitative and qualitative data together, EFC will better understand utility needs. 
The goal of user evaluations is to develop draft heuristics for dashboard design. 
Which measures are most important, which data display methods are used most heavily, 






Utilities must consider their operating needs. Over time, utilities must raise rates 
to keep pace with inflation, to replace and repair equipment, and to plan for growth and 
new regulations. Raising rates requires convincing elected or appointed officials, who are 
not typically technical experts and who may be as hesitant to raise rates as to raise taxes. 
Existing literature assessed communication methods, data presentation and water and 
wastewater financial metrics. Understanding previous work provides utility staff with 
ideas of the best ways to present data to decisionmakers. 
EFC dashboards are structured to indicate the financial health of a utility and to 
permit comparisons with similar utilities. EFC’s overall goal is to provide tools for 
financial literacy and for communication with decisionmakers. Because EFC supports 
utility staff in their work with decisionmakers, how utilities work with decisionmakers is 
important. At the same time, EFC may learn how to adjust its data presentation strategies 
to most clearly convey information to utility staff. 
Five literature areas were relevant to this research. Each contributes important 
elements to the overall project design. Those areas are 1) communicating with 
policymakers, 2) general data visualization concepts, 3) visualization of business 
measures, 4) presenting scientific and environmental data, and 5) utility finance 
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measures. EFC dashboards support utility staff in communicating with policymakers 
(area 1), and EFC generally has a strong presence in areas 4 and 5. Utility staff must 
adapt their own work styles to best communicate information to decisionmakers, and 
would benefit from strong grounding in areas 1, 2 and 3. 
Communicating with policymakers 
 
Health communication experts have studied communications between health 
policy experts and elected officials. This body of research is relevant to the current work 
because researchers and policy experts must convey complex health and economic 
information to the legislators considering legislation. Like utility board members, 
legislators are not typically technical experts. 
Elizabeth Dodson, Nora Geary and Ross Brownson studied the dissemination of 
evidence-based interventions to control cancer and analyzed the uptake of effective 
approaches among state legislators. Dodson and colleagues used the framework of 
message, target audience, the messenger, the channel, and format of the message to 
analyze communication strategies. They found that it is hard for decisionmakers to find 
unbiased accurate and current economic data. Legislators wanted data and statistics and 
relied on credible technical experts such as health departments, the National Conference 
of State Legislatures, and professional and advocacy organizations. Dodson and 
colleagues recommended that researchers actively reach out to legislative committees to 
promote quality information use in legislation (Dodson, Geary, & Brownson, 2015). 
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John Lavis et al conducted a qualitative review knowledge transfer between 
applied research organizations and decisionmakers. The review built on the same 
framework as above: message, target audience, the messenger, the channel, and format of 
the message. Lavis and colleagues recommended providing actionable messages fine-
tuned to the target audience. They recommended that research organizations build long-
term relationships and incorporate two-way communication with individualized feedback 
(Lavis, Robertson, Woodside, McLeod, & Abelson, 2003). Ross Brownson et al studied 
state legislators and legislative staff preference for different types of policy briefs. They 
found that legislators largely preferred a data-focused brief with state-level data while 
their staff preferred a story-focused brief with state-level data. Different classes of users 
had different data needs, and authors recommended developing online interactive tools 
for building customized briefs (Brownson et al., 2011). The author’s intuitive expectation 
was that legislative staff would make better use of data to analyze and synthesize 
discussions, but they clearly found narrative helpful. This may reflect roles as 
gatekeepers to the legislators they work for, in other words that a researcher should gain a 
staff member’s trust to pass information on to legislators. This research suggests that 
interactivity and ease of use can help support policy needs with decisionmakers. 
Richard Sorian and Terry Baugh surveyed state-based health policymakers about 
formal and informal methods of acquiring health policy information. Participants were 
evenly split between legislators, legislative staff and executive managers of state 
agencies. They found that all policymakers received large volumes of information. The 
most useful information was “brief reports or summaries, reports on states that are 
demographically similar to the respondents’ states, and reports on states that are in the 
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same region as the respondents’ states” (Sorian & Baugh, 2002, p. 267). Legislators 
needed short, easy to digest information and legislative staff needed access to longer 
more comprehensive information. All needed tools to navigate a complex information 
system (Sorian & Baugh, 2002). This suggests that multiple available data formats and 
easy to use comparison tools can support staff presenting data to decisionmakers. 
Other researchers have described barriers to communication between scientists 
and policymakers. Bernard Choi and colleagues recommend reframing paradigms of 
scientists communicating to policymakers and broadening the definition of science (Choi 
et al., 2005). Christopher Jewell and Lisa Bero interviewed policymakers who had 
attended the policymakers’ section of the Rocky Mountain Evidence-Based Health Care 
workshop. They recommended reframing policy issues to resonate with existing evidence 
and to provide information on the economic impact of interventions. Policymakers who 
received evidence-based training were able to critically review documents and better 
understand their relevance to a particular issue (Jewell & Bero, 2008). 
When presenting to elected officials, utility managers should understand their 
audience and build two-way communication. EFC can best support utility managers by 
providing easy to use tools that allow comparison between different utilities and that can 
present different data views. 
General data visualization concepts 
Edward Tufte published a history of data graphics in 1983. He advocates for 
presenting data simply and clearly, minimizing the “chart-to-ink ratio”, applying scales 
and area displays that present data truthfully, and avoiding unnecessary embellishment 
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deemed “chartjunk”. The technique of small multiples can be used to compare several 
pieces of data and to represent different items within the same field of view (Tufte, 
1983). In the book Envisioning Information, Tufte described graphical design principles 
including the use of color and applying macro and micro elements in the same design. 
Throughout this work, he insists that visual comparisons should be done in the same field 
of view (Tufte, 1990). In other words, you should not tax working memory by making 
someone switch between one chart and another. Tufte’s principles provide general 
guidelines for displaying data. Letting data speak for itself and presenting it clearly and 
simply helps decisionmakers trust your output. Keeping data elements close together for 
comparison requires thought and careful design and can help a user comprehend data. 
Stephen Few describes preattentive visual processing and how different elements 
can be used quantitatively or qualitatively in graphs. He recommends using certain 
elements in graphs (Few, 2004, p.5): 
1. Orientation 
2. Line length 
3. Line width 
4. Size 
5. Added marks 
6. Enclosure 
7. Intensity 
8. Hue  
9. Spatial position 
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Stephen Few asserts that elements two through four and nine can be perceived 
quantitatively. Item 7, intensity (color) cannot be clearly distinguished, although item 8, 
hue can be used semi-quantitatively (Few, 2004). Information that must be evaluated 
quantitatively should be displayed along a specific quantitative measure. Rough trends 
and distinctions can be added using color, and other perceptual techniques can be applied 
for emphasis. Choose preattentive methods sparingly to avoid making the graph too busy. 
To begin with explore the most common methods such as line length, width or size and 
add others on to display additional data as appropriate. Few also recommends using grid 
lines very sparingly to encode selected concepts (Few, 2005). 
Niklas Elmqvist and Jean Fekete describe techniques for information visualization 
and present several design guidelines (Elmqvist & Fekete, 2010, p 449): 
1. Maintain an entity budget; 
2. Aggregates should convey information about underlying data; 
3. Aggregates should be clean and simple; 
4. Aggregates should be distinguishable from data items; 
5. Beware that abstractions may lie; and 
6. Aggregate items only so much that the aggregation is still correctly 
interpretable within the visual mapping. 
Utility financial metrics, such as operating ratio, inherently aggregate many 
individual financial transactions. While EFC is unlikely to obtain such detail in financial 
data, utilities managing their own records and reviewing business impacts should be able 
to tie alerts back to specific accounts or budget items. 
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Jonathan Schwabish built on the work of Tufte and Few. Schwabish is an 
economist who specializes in visualizing complex data for policymakers and the public. 
He combined different preattentive elements to improve published charts. Selectively 
editing concepts and removing extra visual elements makes the data you want to display 
stand out. He used three particular techniques which would strengthen the display of 
utility financial data: use hue to identify elements of interest with other data shown in a 
weaker hue, replace unclear pie charts and 3D column charts with two dimensional 
column charts or bar charts, and combine small multiples with hue or color to compare 
several different series together. To apply techniques, users must change default software 
settings (Schwabish, 2014). When charting utility financial data, produce a draft and 
review to find out what can be removed. If the viewer cannot distinguish from multiple 
data lines on the same chart, consider using small multiples instead. 
Research has focused on the best way to display data for different tasks. Cheri 
Speier assessed the impact of information presentation formats on complex tasks. Her 
work applied the cognitive fit theory to complex tasks and found that the difference 
between tabular and graphical displays was not as clear as expected. For simple-symbolic 
tasks a table lead to higher decision accuracy, and for both simple-and complex spatial 
tasks graphical displays lead to higher decision accuracy and lower decision time. 
Evidence was mixed for using tables for complex symbolic tasks, possibly reflecting 
different cognitive orientations of subjects (Speier, 2006). Wenhong Luo analyzed task 
performance with interactive data visualization formats using the dual coding theory. He 
concluded that users with high spatial ability will produce answers with higher decision 
accuracy than those with low spatial ability, and that users choosing a visualization 
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format matching their spatial ability, cognitive style or task complexity will be more 
confident in their decisions than those choosing a visualization format that does not 
match (Luo, 2019). Understanding user needs will help us to understand best options for 
data display. In some cases, offering interactive options such as the ability to switch from 
chart to table or to drill down on data of interest will extend the data’s utility to more 
users. 
Dinko Bačić and Adam Fadlalla reviewed business information visualization in 
order to integrate it with dimensions of visual intelligence. He concluded that an effective 
business intelligence system enhances users’ ability to make better decisions and that it 
should work with different elements of intelligence. This suggests that data display 
should be customized to the type of data and that different users have different ways of 
understanding data. Visual spatial intelligence, working memory, and context impact how 
a viewer interprets data (Bačić & Fadlalla, 2016). Minimizing demands on working 
memory and by providing appropriate context to a data display should reduce users 
cognitive load and help users to make the best decisions possible. Phillip Gough 
reinforces these concepts in a literature review on information visualization. Gough’s 
thesis is that the goal of information visualization is to overcome the limitations of 
working memory. He describes the aim of visual analytics as finding (Gough, 2017, p. 
48) “the optimal automated algorithms to represent the data, to exploit the best of both 
human and computer analysis”. Techniques include reducing data objects to graphical 
primitives, leveraging spatial variables to show relations in the data, and to reveal the 
structure of data. Above all one must know the audience (Gough, 2017). EFC applies 
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visual analytics in many contexts and seeks through this project to better understand rates 
dashboard users. 
Stephen Few indicates that the choice of table or graph should never be random. 
Tables support lookup and 1:1 comparison well, allow display of summary and detail 
data, and give precise values. Tables are also the only feasible option to display multiple 
sets of quantitative values with different units. Graphs can display large amounts of data 
quickly and demonstrate the overall shape of the data. Graphs may also reveal 
relationships among the data that would not be apparent in tabular display (Few, 2012).  
Wolfgang Aigner assessed business intelligence use in organizations and found 
that most visual methods are static or have limited interactivity. While some data tools 
provide users the tools to develop their own visual methods, those tools often have 
limited use and users default to pre-defined data displays over ad-hoc reporting. 
Interactivity can increase the utility of data but may not have wide acceptance and 
requires more IT infrastructure to support (Aigner, 2013). EFC should carefully consider 
the form of data and how much interactivity to apply. Some users will use interactivity, 
but it is likely that many will not. Too much interactivity may be overwhelming and will 
impose additional IT infrastructure costs on EFC.  
Martin Smuts and colleagues conducted usability tests to develop design 
guidelines to support novice users in data analysis. The most important of these 




Table 1. Design guidelines for BI tools for novices (adapted from Smuts et al., 2015 










The dashboards are primarily a tool produced by EFC staff, but specific 
customization and search and filter may benefit end users. While acquiring user data we 
will assess whether any of the design guidelines are relevant to end users. 
Visualization of business metrics 
Visualization in business operations and accounting is a rich area for research. 
Bernhard Hirsch, Anna Seubert and Matthias Sohn supplied charts or tables on business 
performance to managers and to students. Manager performance evaluating the data was 
poor with tables only and that managers best overall score occurred when they were 
provided with both tables and graphs. They suggested that moderate or complex 
monitoring tasks were access with perceptual information processing. When provided 
with both tables and graphs, 48% of respondents relied more on graphs, 40% relied more 
on tables and 12% reported using both equally (Hirsch, Seubert, & Sohn, 2015). 
Although it is unclear how many of the 40% of respondents relying on graphs are 
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managers and how many are students, Hirsch’s study supports providing both graphs and 
tables to decisionmakers. 
Diane Janvrin, Robin Raschke and William Dilla describe a course designed to 
teach accounting students interactive visualization. Students use Excel and Tableau to 
organize complex sales data. Guidelines for data displays are 1) to know the audience, 2) 
limit visualization to 2-3 displays, and to keep comparisons close to each other. (Janvrin, 
Raschke, & Dilla, 2014). Frederick Riggins and Bonnie Klamm prepared a case study on 
the tradeoff between organizational control and data availability through self-service 
business intelligence tools (Riggins & Klamm, 2017). Self-service data has great 
potential to support businesses. It should also be used carefully, and users need to 
understand their audience. 
In 2010, William Dilla, Diane Janvrin and Robin Raschke surveyed literature on 
the impact of data visualization on decision-making. They developed a model Where task 
characteristics and decision maker characteristics fed into the interactive data 
visualization characteristics. That supported the visualization as a decision-making tool 
and led to decision making process and outcomes. At the time they indicated limited 
evidence that interactivity was based on task characteristics (Dilla, Janvrin, & Raschke, 
2010). In 2014, Fengchun Tang and colleagues studied the effect of interactive 
visualization on calibration in financial decision-making. Visualization alone increased 
confidence without increasing accuracy, while visualization and interactivity together 
increased both confidence and accuracy in decisions (Tang, Hess, Valacich, & Sweeney, 
2014). Arif Perdana and coauthors found that when provided with interactive data 
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visualizations, non-professional investors made more accurate decisions, had less 
uncertainty about those decisions, and were more likely to invest (Perdana, Robb, & 
Rohde, 2018). While evidence is limited such research suggests that utility decision 
makers might benefit from interactivity and the ability to phrase questions in a way that 
suits their own decision-making characteristics. 
In 2012, Kang Zhang indicated that advances in visualization were not being applied in 
management, and that there was too much reliance on long tables and text. He 
recommended condensing and showing aggregations in finance and for management. 
Visualizing concepts and adopting macro and micro views of data can provide strong 
analysis for organizations (Zhang, 2012). Martin Eppler and Sabrina Bresciani cited 
additional examples of visualization. He highlighted their roles as collaboration tools and 
developed a collaborative dimensions of visualization framework (Eppler & Bresciani, 
2013). The most important elements utility financial data are shown in Table 2. 
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Table 2. Relevant elements of the collaborative dimensions of visualization framework 














Presenting scientific and environmental data 
Ann Penrose and Stephen Katz describe scientific writing and indicate that the 
visual dimension is (Penrose & Katz, 2010, p. 39): “critical in modern scientific 
argument”. Several scientists have analyzed ways to present data to other scientists and to 
a non-expert audience (Harold, Lorenzoni, Shipley, & Coventry, 2016; Kelleher & 
Wagener, 2011). Depending on the specific item to be communicated one might rely on 
several techniques such as graphs and GIS. Common themes are “keep it simple stupid”, 
know the audience, and limit technical jargon as much as possible (Norback, 2013). 
Water professionals interact with professionals in other divisions (such as finance) and 
must work with them to justify rates for decisionmakers. These different audiences need 
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different approaches. Just as described in the section “Communicating with 
Policymakers”, water professionals should commit to two-way communication and 
should respect the varying experience and expertise of those outside the technical arena 
(Choi et al., 2005). Policymakers particularly want to understand that revenue is being 
used wisely and to seek clear justification for any rate increases. 
Water, wastewater and stormwater utilities exist to safeguard public health and 
the environment. These utilities have data that can be used to support decisions and to 
prioritize resource use. This data can often be siloed either in different computer systems 
or in paper format (Williams & Peleg, 2019). Water distribution systems are the pipes 
that convey treated water to users. Wastewater collection systems are the pipes that 
gather waste from users and convey it to a wastewater treatment plant. Both forms of 
system are aging. Collecting and analyzing data on equipment failures and prioritizing 
preventative maintenance on critical assets helps improve system reliability and makes it 
easier to plan staff needs and budgets. Key metrics and goals for one utility were to 
increase the number of preventative maintenance work orders and hours spent in 
preventative maintenance. While overall work orders and hours on work orders 
increased, emergency work orders and hours on emergency work orders decreased. The 
utility prioritized data and metrics, asset reliability, and leadership engagement to gain 
greater reliability and more effective operations planning (Jalla & Davis, 2019). 
More robust data is typically available for water distribution than for wastewater 
collection (Grigg, 2011), and the following data use discussion focuses on drinking water 
distribution. Consumers who received clear and understandable data on their water 
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consumption data made simple changes to increase water efficiency (Armstrong, 
Harmon, & Phan, 2017). Tracking customer behavior and flagging consumers with 24 
hours of continuous flow of at least 7.5 gallons per hour helped one utility to reduce 
times to fix leaks and reduce the leak volumes in gallons per hour (Schultz, Javey, & 
Sorokina, 2018). Such activities reduce the cost to utilities and reduce the overall amount 
of water that utilities must remove from streams and treat.  
Utility water losses are substantial (Mohanakrishnan, Boyle, & Poff, 2019, p.13): 
“Every day in the United States, water utilities lose an estimated 6 bil 
gal of water, or 30% of the water they provide, through nonrevenue 
water loss attributed to main leaks and storage tank overflows (i.e., real 
loss) and inaccurately measured or unauthorized consumption (i.e., 
apparent loss).” 
In a study, the most common reason for apparent water loss was meter under-
registration, customer leaks, the wrong size or classification of meter or meter 
misreading, missing base charge on a bill, and customer misclassification. Of those, only 
customer leaks and wrong meter size requires equipment repair and replacement. 
Collecting and analyzing data to identify apparent losses allows a utility to recover 
revenue and focus attention on remaining real losses (Mohanakrishnan et al., 2019). 
Accessing and using data can help a utility predict and prepare for problems. 
Much attention has focused on collecting distribution system data and converting it to a 
form water system personnel can use to identify and respond to problems. Deteriorating 
water mains pose substantial public health risks, ranging from intrusion of groundwater 
into water mains to biofilms and sediment inside water mains providing breeding surface 
for harmful bacteria (Renwick, Heinrich, Weisman, Arvanaghi, & Rotert, 2019). 
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Tracking water main break data in a consistent and comprehensive way helps utilities 
predict the likelihood of future failures. Maintaining data and cost curves also helps 
prepare business cases for replacement budgeting (Grigg, 2019). 
Some utility managers recommend developing dashboards to help visually target 
problem areas of water systems (Cully & Jaco, 2019). This approach is similar to 
Decision Support Systems being developed for medical professionals, that provide key 
data in summary form to assist with decision making (Dolan, Veazie, & Russ, 2013). 
Factors in Decision Support System acceptance were  
1. Usefulness 
2. facilitating conditions 
3. Ease of use, and  
4. Trust in the knowledge base.  
(Shibl, Lawley, & Debuse, 2013): 
While we cannot say for certain that utility managers would respond in the same 
way, EFC is aware that – much like medical professionals – senior utility staff are 
juggling many demands and don’t have time to learn new software. In order to best 
support programs, EFC should consider utility needs carefully before introducing new 
software. 
Data has great potential to improve utility operations, and many utilities are 
carefully examining how they can harness the data they already collect and manage 
(Wallis-Lage, 2019). In order to use data, one must first understand its structure, then 
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clean and restructure it for analysis (Kiefer & Krentz, 2018; Klein & Oberg, 2017). 
Collecting and managing such data takes resources which individual utilities may not 
possess (Aigner, 2013). As described by a Black and Veatch survey, many utilities are 
excited by the potential for data, but are cautious about adopting comprehensive data 
management and decision-making (Wallis-Lage, 2017). 
Utility finance measures 
Neil Grigg describes the structure of the water business. He describes that 
business as the interrelated activities for handling water, and that it is organized around 
the water cycle (Grigg, 2011). EFC works with three elements of this broad business: 
water, wastewater and stormwater. The structure of water and wastewater utilities are 
similar, and those utilities are often bundled together. Water utilities treat and convey 
water to customers and have a public health focus, while wastewater collect waste and 
treat it to protect the surrounding environment. Stormwater is often grouped with flood 
control and addresses drainage of sites and streets. Data collection is typically more 
robust for drinking water than the other utilities (Grigg, 2011), and ensuing discussion 
merges water specific references with wastewater focused references. 
Through the 1800s some cities had drinking water utilities. Initial priorities of 
drinking water provision were firefighting and dust control. Treatment began in earnest in 
the 1900s, and utilities kept rates low to compete with free sources of water. In the 1950s 
those rates were described as too low to cover water treatment costs with reliable service 
(Murdoch, 2017). Rural utilities water and environment programs grew out of the New 
Deal to provide water service to rural areas (Claffey, 2016). Grants helped provide 
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service to rural areas and maintaining low costs while improving public health was a 
priority. The 1996 Safe Drinking Water Act amendments provided funding through the 
drinking water state revolving funds and required states to implement programs to 
improve the technical, managerial and financial capacity of drinking water systems (U.S. 
Environmental Protection Agency, 1999). 
EPA promotes financial sustainability of water utilities (U.S. Environmental 
Protection Agency, 2017). Hannah Stratton and coauthors posit that financially 
sustainable rates must 1) enable utilities to cover expenditure through revenues and 2) be 
affordable to consumers. They reported that 72% of utilities do not cover expenditure 
through revenues and that over half of utilities surveyed would have to raise rates 5% or 
more per year over the succeeding five years (Stratton et al., 2017). Water rates are also 
growing at several times the rate of inflation (Mehan & Gansler, 2017). Utilities should 
maintain an operating ratio over 1 indicating that revenue was greater than expenses. This 
is often not met, especially when depreciation and debt service are included in the 
calculation (Barnes, 2015). 
If water utilities are run like a business, they must raise sufficient funds through 
rates. At the same time, water is an essential component of public health. As noted by 
Tracy Mehan and Ian Gansler, (Mehan & Gansler, 2017, p. 46 -47):  
“It does not matter if the cost drivers come from the wastewater, 
drinking water, or stormwater side of the cycle—the ratepayers who 
bear these costs typically see them as a single water bill, and a rising 
one at that… 
The sector faces a paradox: water is underpriced, but it’s still 
expensive.” 
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Brian Richter describes affordability as a key component of water sustainability 
and found that all in a sample of 16 cities had at least 20% of their population paying 
more than 4.5% of their income for water services. For some of those cities the number 
rose to 40% of the population (Richter et al., 2018). Scott Rubin notes that by 2015, 
10.5% of households supplied by public water systems paid 3% or more of their income 
towards services, an increase of 40% of households since 1990 (Rubin, 2018). EFC has 
developed a tool to examine affordability in detail. This tool evaluates affordability 
across the average customer, low income customers, and a range of income levels 
(Environmental Finance Center, 2019). In setting rates, utilities must balance several 
conflicting priorities. Utility rates may be structured different ways such as flat fees, 
uniform rates, or block rates. Volumetric rates are proportional to customers use, and 
utilities often incorporate a minimum base charge to reflect the fact that most utility costs 
are fixed (Tucker, 2016). Rate setting is constrained by varying state laws, such as 
fairness and equity in rates in California (Clumpner, 2018). Utilities may implement 
customer assistance programs (U.S. Environmental Protection Agency, 2016). Although 
these are less costly than shutting off and reconnecting customers (Mehan & Gansler, 
2017), they are also subject to varying state laws (Berahzer et al., 2017). 
Utility finance and operations staff must work together to prepare rates, which 
must be approved by the utility’s board or decisionmakers. Conflict between the two 
groups is common and can be addressed by early coordination and working together 
(Hoffman, 2019). Long term planning and cash flow planning for ongoing construction 
projects help utilities budget appropriately and spend conservatively (Aranda & Noble, 
2019). Rate transparency is also a best practice, clearly providing customers the basis for 
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the charges they receive in each water bill so that they can make responsible decisions 
(Metzler & Teodoro, 2019). 
Pulling literature together 
EFC dashboards are an existing tool. Dashboards show identified metrics along a 
dial, with colors to identify metrics that are within the recommended range and areas of 
concern. Utility representatives are familiar with the existing dashboards. The author 
expects to learn more from users about which aspects of the dashboard are most useful. 
Any proposed heuristics will likely be based on the current dashboard foundation. 
Primary areas for improvement in dashboards are providing additional supporting 
data and integrating with other EFC tools and recommendations. The literature on 
communication between scientists and policymakers suggested that policymakers want 
reliable data focused on costs and benefits of a particular action (Dodson et al., 2015). 
Their staff need the ability to drill down on details, and both would benefit from 
narratives, not merely data (Brownson et al., 2011; Sorian & Baugh, 2002). Basic 
dashboard metrics are centered around the utility’s financial health. Describing what rates 
strategies might mean to various consumers will help humanize rates setting for utility 
staff and decisionmakers. This suggests that integrating analysis of rate affordability for 
different customer types (as was done in the EFC affordability tool) into EFC dashboards 
could provide needed tools for utility staff (UNC Environmental Finance Center, 2019b). 
Any data visualization should start with as few of the following criteria as 
possible to display the data. Measures identified by Stephen few as quantitative are (Few, 
2004, p.5): 
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• Line length 
• Line width 
• Size 
• Spatial position 
As semi-quantitative is: 
• Intensity 
And as non-quantitative are: 
• Orientation 
• Added marks 
• Enclosure 
• Hue 
A visualization limited to as few elements as possible will be clearest. Identifying 
user needs is the first step in iterative development of effective data visualization in 
dashboards. Dashboards can be enhanced by adapting visual displays to convey rate 
impacts on different customer classes. 
EFC has made a “download data” tool for dashboards. That tool is not currently 
functional. Once it has been updated and can be readily used, it will be promoted to North 
Carolina utility staff. 
Users may benefit from limited interactivity of the data, such as sorting and 
filtering (Eppler & Bresciani, 2013). EFC dashboards already contain some data 
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comparison tools. Data comparison should be refined based on user input. When that 
happens, all data to be compared should be presented within the same field of view 
(Tufte, 1983). 
Literature review suggests some best practices. The most critical practice is 
knowing your users. The author expects that this masters project will help EFC to best 
understand users and to tailor displays to their needs. In the future, EFC may support 
utilities by training staff in the best ways to visualize data for decisionmakers and how to 
persuade elected officials of the need to raise rates. 
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METHODS 
EFC is an organization that supports utility financing and that continuously 
improves tools. This project will focus on user centered design and on collecting user 
data to support future dashboard development. Jenny Preece, Yvonne Rogers and Helen 
Sharp describe the five key issues in data gathering as (Preece, Rogers, & Sharp, 2015, 
pp. 227 - 230): 
1. Setting goals 
2. Identifying participants 
3. Relationship with participants 
4. Triangulation 
5. Pilot studies 
The goal of this research is to identify whether data display on the North Carolina 
Water and Wastewater Dashboard supports utility rate cases. Potential research 
participants are those who have used the dashboards. In previous surveys EFC has 
determined that dashboard users include utility directors and local government finance 
officials. EFC has a good relationship overall with such officials. Particularly those who 
attend trainings and who actively respond to surveys about rate practices. 
The author plans to triangulate by using several data sources to understand 
dashboard users. EFC has immediate access to several quantitative data sources: website 
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analytics, the 2017-18 Utility Management Survey conducted in North Carolina, and 
surveys of North Carolina dashboard users. These data sources can demonstrate what 
dashboard data users access and can suggest whether the policies of dashboard users 
differ from those who do not access dashboards as regularly. To better understand 
dashboard users, EFC will conduct qualitative research on a subset of dashboard users. 
Contextual inquiries include observational interviews, where the interviewer will watch 
someone use dashboards and try to understand how dashboards can support the user’s 
workflow. Contextual inquiries will give rich data about how a small number of 
participants use the dashboard. The author expects that qualitative analysis stemming 
from contextual inquiries will provide context to the quantitative analysis addressed in 
this master’s project. 
Quantitative methods 




B. (Jim) Jansen describes web analytics as analysis of website transaction logs. 
Platforms such as Google Analytics summarize such data for the website owner. 
Analyzing analytics can show what users of a website did – where they entered a web 
domain, where they left, and which specific pages they visited along the way. 
Commercial entities define key performance indicators to analyze web traffic and ideally 
to optimize their websites (Jansen, 2009). 
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EFC collects and reviews analytics through the Google Analytics platform. EFC 
is an educational and customer service organization. The EFC dashboards are not a 
commercial product and cannot be tied directly to sales. EFC analytics review must be 
customized to its mission. Exploring the analytics recorded for North Carolina 
dashboards helps EFC to understand where dashboard users go. Metrics useful in North 
Carolina dashboard analysis may also prove relevant to other state dashboards. 
Google analytics provides many metrics, which can be segmented to better 
understand users. The author examined which pages on the EFC website received the 
most traffic, described patterns of page traffic by session, and demonstrated monthly 
view patterns for pages. Site traffic involves two separate web domains: 
 The EFC website is found at https://efc.sog.unc.edu 
 Dashboard pages found at https://efc.sog.unc.edu/resources redirect to iframes at 
https://dashboards.efc.sog.unc.edu 
 Analytics for https://efc.sog.unc.edu filters out IP addresses of EFC Staff 
computers, but https://dashboards.efc.sog.unc.edu does not 
Google indicates that framed sites may result in inflated pageviews (Google, n.d.-
b). Other authors provide additional information suggesting that several metrics on 
https://efc.sog.unc.edu may be double counted (Xue, 2016). Because the one web domain 
filters out EFC staff and the other doesn’t, analytics should be adjusted to account for 
EFC staff use as well. 
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Several of the analytics available for the dashboards are described in Table 3. The 
author explored how analytics are stored and summarized in Google Analytics to decide 
which might provide relevant information about the dashboards. 
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Custom reports were designed in Google Analytics. Results were exported to 
comma separated value format. Data were imported into R. Data were merged using the 
package dplyr and were segmented and plotted using the ggplot2 package. 
North Carolina Utility Management Survey 
The North Carolina 2017-2018 Utility Management Survey evaluated utility 
policies, adequacy of rates and frequency of rate increases. Data will be analyzed to 
determine whether utilities with recommended planning documents have rates better 
meeting their needs and that are raised more frequently than utilities without those 
planning documents. 
Data were downloaded from Qualtrics in comma separated format. Files were 
imported into R, and responses to questions were grouped into binary responses. 
Correlation between individual questions was assessed using Spearman’s rank 
correlation. 
Geographic linking of data and comparison 
In order to relate analytics results to utility management survey results, both sets 
of data were connected to available geographic information. Because Google location 
data is at a different scale than survey data, both were abstracted to the level of counties. 
Orange County was removed from analysis to correct for potential impacts of EFC staff 




North Carolina rates dashboard feedback 
The North Carolina rates dashboard feedback survey is a brief survey available to 
dashboard users. Results from March – August 2017 were reviewed and requested 
changes to the dashboard are listed in the Results section. 
Contextual inquiries 
Contextual inquiries are a method of collecting qualitative data from a variety of 
people and incorporating them into design. Results will be combined in an interpretation 
session. The author will develop models as supported by data (Holtzblatt & Beyer, 2016). 
Contextual inquiries will be conducted following completion of the quantitative work and 
will produce rich qualitative data about which dashboard screens participants reference 
and how they incorporate dashboard data into planning and budgeting. Results are not 
expected to be available by the master’s report submittal date, but the author anticipates 
interviewing 5-10 people based on interest and time. The proposed questions are intended 
to obtain insights on the overall budgeting process. The proposed questions are: 
 What makes you decide that you need to raise rates?  
 Can you tell me what kinds of information support raising rates? 
 Do you ever compare your metrics with other utilities? 
o If so, which utilities do you compare yours to? 
o What tools do you use for the comparison? 
 What materials do you prepare for board members to justify rate changes? 
 Do you use the dashboards shown on the computer screen? 
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 What data on this screen is most important to you? 
 Is there anything on the screen you never use? 
 What dashboard features would help you prepare rate cases? 






Analytics are collected for the web domains https://efc.sog.unc.edu and 
https://dashboards.efc.sog.unc.edu. EFC staff describe a website update implemented in 
late December 2018. Prior to that date, analytics were only collected for the domain 
https://efc.sog.unc.edu, and after that date web structure changed significantly and 
analytics began being collected at https://dashboards.efc.sog.unc.edu. 
 
EFC pages with the most traffic 
The ten pages with the most pageviews in the years 2018 -2019 are displayed in 
Table 4. The North Carolina water and wastewater rates dashboards were the most 

















Histograms of North Carolina dashboard site web usage 
Figure 2 displays histograms of average pages per session in 2019 obtained from 
the website https://efc.sog.unc.edu/resource/north-carolina-water-and-wastewater-rates-
dashboard. The absolute values of these metrics may include effects from iframe data at 
https://dashboards.efc.sog.unc.edu/nc. We expect that the relative values of these 
measures can be compared to see whether values differ by acquisition medium. 
Values were compared by acquisition medium using the Kruskal-Wallis rank sum 
test as recommended on (IDRE, n.d.).  
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Figure 2. Histogram of monthly average pages accessed per session by acquisition 
medium, 2019 
In 2019, average pages per session differed significantly by acquisition medium at 
the 95% level. 2018 patterns of pages per session resembled those seen in 2019, except 
that no page referrals were recorded. 
Figure 3 displays a histogram of average time per session seen in 2019. In 2019, 
average time per session differed significantly by acquisition medium. Average time on 
page tended to be higher for organic search than for direct search, with the range of 
average time on page extending higher than seen for direct search. 
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Figure 3. Histogram of monthly average time per session by acquisition medium, 2019 
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Unlike with pages per session, the pattern of average time on page differed in 
2018 from 2019. Figure 4 is a histogram showing average time on page in 2018. There is 
greater overlap between average time on page for direct and organic media than was seen 
in 2019. 
 
Figure 4. Histogram of monthly average time per session by acquisition medium, 2018 
It is not possible to say whether 2018 – 2019 differences represented new or 
changed web traffic due to web structure and analytics changes. In the future EFC may 
consider comparing 2019 – 2020 analytics data or running tests to determine how 
analytics might change before implementing website changes. 
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Corrected metrics 
Google indicates that a website using iframes may result in inflated pageviews 
(Google, n.d.-b). Pageviews are corrected using Equation 1. 
Equation 1. Pageviews corrected for EFC staff use. 
𝑃𝑎𝑔𝑒𝑣𝑖𝑒𝑤𝑠.𝐸𝐹𝐶 2 ∗ 𝑃𝑎𝑔𝑒𝑣𝑖𝑒𝑤𝑠. 𝑖𝑓𝑟𝑎𝑚𝑒 𝐸𝐹𝐶 𝑠𝑡𝑎𝑓𝑓  
where “EFC staff” represents variables recorded for EFC staff The variable 
ending in.EFC represents values from the page https://efc.sog.unc.edu/resource/north-
carolina-water-and-wastewater-rates-dashboard and the variable ending in .iframe 
represents values from the page https://dashboards.efc.sog.unc.edu/nc 
Buck describes calculations for time on page in 
https://www.verticalrail.com/kb/time-on-page/. Time on page is the difference between 
timestamps on two separate pages visited. Given this calculation it seems unlikely that 
time on page is double counted. EFC staff use was accounted for by Equation 2. 
Equation 2. Time on page correction for EFC staff use. 
𝑇𝑖𝑚𝑒.𝐸𝐹𝐶 𝑇𝑖𝑚𝑒. 𝑖𝑓𝑟𝑎𝑚𝑒 𝐸𝐹𝐶 𝑠𝑡𝑎𝑓𝑓 
Similar calculations were applied to sessions, but review of the data showed that 
sessions for a test page on the server https://efc.sog.unc.edu were being recorded as 0. 
Sessions were not used in further calculations or summaries because they were assumed 
to be unreliable. 
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February saw the highest number of non-EFC staff dashboard pageviews and time 
on page, as that is the month dashboards were released. An email was sent to users 
2/14/2019 to alert them to updated dashboards. Email access to dashboards came in the 
month after that email. 
Figure 5 displays corrected pageviews by month and Figure 6 displays corrected 
time on page by month by non-EFC staff. 
 




Figure 6. Corrected time on page by month 
Time on page was separately calculated for EFC staff. During the month of 
November, EFC staff time on page appeared negative. This suggests that Error! 
Reference source not found. is not always producing correct results, and time on page 
should be used with caution. 
Available data strongly suggest that dashboard usage was highest immediately 
after their release in February 2019. That is a time when utilities typically prepare 
budgets for the coming year. 
The author examined data from 1/2019 – 3/15/2020 to see if dashboard data was 
higher during the first quarter of each year than later in 2019. North Carolina dashboard 
use cycled approximately each week. Summer 2019 had lower use than fall 2019. Late 
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December 2019 and early January 2020 had lower use than fall 2019. While still cycling, 
dashboard use was somewhat higher beginning in late January than in fall 2019. North 
Carolina data updated to include 2019 rates was released March 3, 2020 and their release 
was announced during an EFC finance training. Pageviews spiked on March 3, were 
somewhat lower March 4, and were higher March 5. Dashboard updating and planning 
for rates increases may both drive pageviews. 
On review of Google Analytics’ user explorer, the author observed a discrepancy 
between timestamps of the efc.sog.unc.edu domain and the dashboards.efc.sog.unc.edu 
domain. The author’s computer is not filtered from being recorded on the efc.sog.unc.edu 
domain. When the author accessed the dashboards using the URL 
https://efc.sog.unc.edu/resource/north-carolina-water-and-wastewater-rates-dashboard, 
timestamps on the efc.sog.unc.edu analytics appeared consistent with when the action 
was taken and timestamps on the dashboads.efc.unc.edu domain appeared three hours 
behind. When the author accessed the dashboards using the URL 
https://dashboards.efc.sog.unc.edu/nc, timestamps  on the dashboards.efc.unc.edu domain 
appeared consistent with when the action was taken and timestamps on the 
efc.sog.unc.edu domain appeared three hours behind. 
External users are only provided with the URL 
https://efc.sog.unc.edu/resource/north-carolina-water-and-wastewater-rates-dashboard. If 
the observed pattern holds, external views will be recorded on the domain 
efc.sog.unc.edu at the time they occur and external views on dashboards.efc.unc.edu will 
be three hours behind. EFC staff IP addresses are not recorded on the domain 
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efc.sog.unc.edu, and staff typically use the URL https://dashboards.efc.sog.unc.edu/nc. If 
EFC staff time is recorded correctly on the domain dashboards.efc.unc.edu and are offset 
from timestamps of external users, then the time on page correction used above likely 
includes added error. 
Utility management survey results 
The 2017-18 utility management survey addressed many elements of utility 
management and operation. The questions evaluated in this project are summarized in 
Table 5. Questions considered relevant were those that described when rates were 
assessed, how decisions to raise rates were made, and utility descriptions like population 
and staffing levels that may underlie some data variability. As described in the literature 
review section “Utility finance measures”, water and wastewater utilities balance rates 
sufficiency with affordability. Utility size may impact survey results because the larger 
the customer base of the utility, the more revenue comes in. In addition, costs spread 
among a larger customer base may be more affordable for individual customers than 
costs spread among small customer bases. Utility staffing levels may impact survey 
results because utilities with larger staff or more professional staff members can typically 
pursue more sophisticated financial plans and may have a stronger ongoing relationship 
with decisionmakers. 
Data were transformed to support statistical tests. Survey results were ordinal, 
with some responses missing. The column “Survey levels” describes ordinal levels as 
listed in the original survey data and the column “Binary levels” describes how those 
levels were grouped for binary statistical tests.
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Data were processed in R (Team, 2017) using the RStudio interface (RStudio, 2015). 
Data were manipulated and summarized using the Tidyverse (Wickham et al., 2019). Binary 
variables were treated as numeric = 1 or 0. For simplicity, question numbers from the table were 
used to label variables in analysis. This labeling matches with the original survey question 
numbers rather than the numbers used in the EFC survey report. Groupings for binary analysis 
were based on subject matter knowledge. Groupings for population analysis were based broadly 
on EPA and North Carolina PWS Section categories and had a roughly even distribution across 
survey respondents. 
For purposes of this project, Q54 was the most important question. EFC dashboards are 
intended to support utilities seeking to raise rates. The most pertinent question is – did the utility 
raise rates or not? That was the basis for binary analysis. The second most important question is 
– did the utility raise rates as far as needed? That was the basis for secondary analysis. Q54 was 
treated as the dependent variable in statistical tests. 
Many survey results were missing answers to some questions, and the questions skipped 
appeared random. When imported into R, such skipped questions were replaced with “NA”. In 
initial analysis, rows containing an NA were removed. Q54 was a conditional question that only 
appeared if respondents answered “true” to Q53 “The utility’s last rates review showed a need to 
increase at least some rates.”. Previous survey analysis supplemented missing Q54 responses 
with “no, we didn’t raise rates” if the answer to Q53 was false. The author applied the same 
methodology here. When survey respondents skipped questions Q53 and Q54, the answer to Q54 
remained NA and that row was removed from further analysis. 
52 
Correlation between variables 
The author constructed contingency tables of binary variables. Chi squared testing 
showed that that binary variables listed in Table 6 may not be independent. 







* only significant at 90% level 
Because different survey respondents answered some questions and not others, and 
because the pattern was unpredictable, removal of missing variables removed one quarter of the 
original 211 survey responses. Chi squared tests were repeated with missing variables imputed 
with 0.  
 
Logistic regression 
To further examine the relationship between survey variables, the author employed 
logistic regression on binary variables. Variables were compared using the R function glm in the 
binomial family. Variables were removed stepwise, until a final formula remained significant at 
least the 90% level. The final formula, with a p value of 0.007 was: 
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 0.406  0.809𝑄   
Interactions between Q55 and population groupings described in Table 5 were also 
tested, and P values for interactions were below the level of significance.  
Q54 asks “What was the outcome after the last rates review (which showed a need to 
raise rates)?” and Q55 “Which statement best describes the rates that were last proposed to the 
governing body for approval?”, identifying different levels of rates proposed to the board. The 
binaries represent for Q54 raising rates and for Q55 requesting rates increase to support current 
operations and most current capital costs, or even higher rates increases to the governing body. 
This analysis suggests that utilities asking for rate increases to support a strong financial 
condition are more likely to receive approval for any increase. 
Comparing levels of variables Q54 and Q55 
Missing variables were removed for analyses up to this point. Table 1 is a contingency 
table showing the combination of responses to questions Q54 and Q55. 




With missing responses removed, there are only 143 total responses. Further dividing 
responses would leave small groups for comparison. In order to compare Q54 and Q55 in more 
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detail, the list of variables was expanded from binary to categorical, and, missing variables were 
replaced with imputed values of 0. Numeric values were replaced with text describing the 
question response. Frequency of expanded responses are shown in Error! Reference source not 
found..  
 
Figure 7. Relationship of raising rates to proposed rates 
The highest frequency responses were that utilities requesting enough of a rate increase to 
cover operating costs and most or all capital needs attained sufficient rates increases and that 
utilities requesting low rates increase did not receive rate increases. 
Subject matter experience and previous data analysis indicates that larger water systems 
may benefit from economies of scale and tend to have more robust operational and financial 
policies than do small water systems. Water systems were divided into three population 
categories in order to visualize how such differences might impact survey data. Population 
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categories were based on population breakpoints used by the Environmental Protection Agency. 
Very small water systems are those serving up to 3,300 people. Small water systems are those 
serving between 3,300 and 10,000 people and large water systems are those serving over 10,000 
people. 
Figure 8 is a complex visualization comparing the numeric equivalents of Q55 responses 
to Q55 responses. Size of marks represents the number of results in that combination of 
categories and color represents the population category very small, small and large. 
 
Figure 8. Mean of Q54 against Q55, size indicating number of results and color the population 
grouping. 
Small and large water systems tend to have higher mean results of Q54 than do very 
small systems. Most large systems requested enough funds to cover operating and capital costs, 
and most very small systems requested rate increases that are too low to support operations (or 
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requested none at all). Some very small systems request additional funds and were awarded 
funds. 
Binary analysis and categorical analysis suggest that water systems that request enough 
funds are more likely to be awarded rates increases. The survey analyzed here was long and 
included many different questions. The relationship between Q54 and Q55 certainly reflects how 
those questions were phrased, and responses may have been reduced by the overall length of the 
survey. Future analysis could refine the relationship between requesting rates increases and 
receiving them. By developing a more targeted survey or obtaining additional robust datasets, 
EFC may better understand what data and what relationships between water system operators 
and decision makers support rate increases. 
Relation of analytics to survey results 
Analytics and survey data can’t be directly associated with each other. Survey data are 
identified by public water system, while analytics can be grouped geographically. A report was 
established in Google Data Studio displaying sessions, pageviews and time on page by city. 
Cities do not match up with public water system cities. In order to link the two datasets, survey 
data was identified by water system, population served and county. Analytics data was 
aggregated by county. Orange County was excluded from the analysis to avoid analytics impacts 
of EFC staff. 
Question 54 remained the independent variable of most interest, and the author sought 
ways to compare this data to analytics. Some counties contain multiple water systems. Some 
water systems had a binary = yes for Question 54 and others had a no. Analytics data was 
57 
disaggregated to the water system level using the ratio of water system population/sum of 
population all water systems in the county. 
Substantial assumptions were made to aggregate and then disaggregate data. The author 
considered it likely that county would impact results and applied mixed effects modeling to the 
relationship between Q54, Q55 and analytics with county as a random variable. Because 
analytics metrics are strongly correlated, only one metric was used in each model. Models were 
tested with sessions, pageviews and time on page. Adding sessions to the model did not improve 
accuracy. 
North Carolina Rates Dashboard Feedback 
 
Dashboard users were presented with an optional survey in 2017. Between March and 
August 2017, 53 people answered the survey. Due to the use of convenience sampling, it is 
unclear how survey results would apply to the broader population of dashboard users. However, 
insight from these motivated users may help us understand the motivated user better. They may 
also have recommendations that would improve usability of dashboards. 
Approximately 66% of respondents were utility or local government representatives and 
22% were advising utilities. Remaining users included nonprofit organizations and researchers 
with a few private citizens. 83% of respondents indicated that they or someone else at their 
organization had previously used the North Carolina rates dashboards and 79% of respondents 
stated that the dashboards helped decision-making at their organization. 
Respondents were able to select multiple reasons for accessing dashboards. The most 
common responses were 
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 To extract data we need as we review rates for next year / scenarios for rate changes – 28 
out of 53 respondents 
 Internal staff review of our current performance (benchmarks,comparisons, etc.) – 24 out 
of 53 respondents. 
Users provided open response feedback, including: “Love the data for comparison 
purposes to make credit decisions.”, and “The Dashboard is well designed and thoughtful. It has 
been a great help to [our city] this year for deciding water rate increases that will help the city 
charge enough to cover cost but also keep prices reasonable for water purchasers.” Comparison 
was an important feature, and the ability to try different “what-if” analyses, and to communicate 
with the public and with decision-makers.  
Respondents had some specific suggestions, including: 
 Display just one decimal place on rates, and 
 Benchmark industrial rates 
 
Dashboard users value the data and presentation for utility planning purposes. 
Respondents may be able to help EFC better understand user needs and how specific dashboard 





North Carolina rates dashboards are a tool benefiting Public Water Systems. From 
convenience sampling it appears that utilities compare their performance against others 
using dashboards and that they can find data needed for budgeting and rate setting. 
Models developed from the 2017 North Carolina Utility Management Survey 
supported literature review findings on presenting data to decisionmakers. Utilities that 
asked for rates increases sufficient to cover operating expenses and capital expenses were 
more likely to have rates approved than those who were hesitant to ask for rates increases 
or that asked for increases that would only cover operating costs and not capital costs. 
Few utilities were asking for rate increases that were higher than they needed in the 
coming year. 
If you build utility communications to the board around the framework described 
by Dodson and coauthors (Dodson, Geary, & Brownson, 2015): 
 Message – we need to raise rates for financial stability 
 Target audience – utility board members, and board members audience is the 
customer 
 Messenger – utility staff and finance officials 
 Channel – what channels are used? Do staff frequently present at board meetings? 
Is there interaction in other settings? 
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 Format of the message – How are staff presenting data? Is it clear and 
comprehensible? Is it supported with simple and understandable data displays? 
EFC can support message format by providing data that is clear and 
understandable to as many users as possible. Channels of communication must be 
established by utility staff. Frequent communication and interaction between utility staff 
and boards can build trust, particularly if utility staff are responsive to board needs and 
understand that non-technical experts need information presented in a way that supports 
their decision-making (Choi et al., 2005). 
Analytics are a rich data source for understanding users. Models support the idea 
that utilities accessing dashboards for more sessions have higher likelihood of raising 
rates. The author recommends that EFC revisit analytics code with the guidance of an 
experienced professional. EFC should consider: 
 Updating analytics so that the domain https://dashboards.efc.sog.unc.edu does not 
capture staff use 
 Coordinating the domains https://dashboards.efc.sog.unc.edu and 
https://efc.sog.unc.edu/ so that all dashboard metrics are captured accurately and 
that nothing is double-counted 
 Implementing some code in analytics that could bridge geographies of dashboard 
users and public water systems 
The North Carolina Utility Management Survey gave rich data about how utilities 
in North Carolina handle financial policies. Data modeling was based on questions as 
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phrased in that survey. The relationship betw                        een “What was the outcome 
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